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Energy Issues 

The  three  most  significant  and  immediate  fossii 
energy  issues  facing the United  States  are: 

A Electricity Supply , A Natural Gas Supp/y Clean Liquid 
and Reliability and Deliverability Fuels 

’. 



0 Repowering  and  continued use of  existing 

Continue the use of  coal a s  the  largest 

High efficiency  resource utilization 
Reduce  the  emissions  of )pollutants 
Provide for the  ease of CO, capture 
Suitability for qew  business  structures in a 
deregulated, m;utti-product energy industry 

capital structure  and assets  

resource for power  generation 
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World Electricity Demand 
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Stable Coal Prices 
Erratic, Rising Natural Gas Prices 

L .x . 

United States - 1999 
3.2 Trillion k w h  - 69% Fossil  Fuels 

2% 

12.8 Trillion kwh - 63% Fossil  Fuels 
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Plant Name Project Start Gasifier Feed Product 
Status Year MwEq Number  Technology Class Categoly 

Unspecified Plant Planning 2006 1,508.0 5 Texaco Coal Power 

Kentucky Pioneer 
Energy AFT-IGCC Planning 2003 549.2 I BGL 
Plant 

Coal Power 

Plant Lima Planning 2003 549.2 1 BGL Coal Power 

Gilberton Cnlm-to- Clean FuelsPlant Planning 2004 224.0 2 Texaco Power/ 
FT liquids 

?he 
Gasification 

Option 

What is Gasification? 
How does Gasification  provide 

a strategic  opportunity? 
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WHAT IS COMBUSTION? 
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Fundamental  Comparison of 
IGCC with Advanced PC-Fired Plant 

IGCC 
Operating Principles Partial  oxidation 
Fuel Oxidant oxygen 
Temperature 5 2600 F 
Pressure 400-1000 psi 

Nitrogen Control  Not  needed 
e Ash Control Low Vol slag 
0 Trace Elements Slag Capture 

WasteslByproducts  Several  Markets 
Performance -- eff. (%) 4245 

- 

Sulfur  Control  Concentrate  gas 

- PC 
Full Oxidation 

Air 
2 3200 F 
Atmospheric 
Dilute  gas 
Pre/post  combustion 
Fly/bottom  ash 
ESPlStack 
Limited  Markets 
35-42 

Gasification by Technology 
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Types of Gasifiers 

e Gasifier Function 
- Pressurized  vessel for gas-solids  contacting to heat and gasify 

- Sufficient  residence  time  to  complete  carbon  burnout  and 

- Reduce size  (cost) and heat loss 

carbon-based  solids 

separate  ashfslag 

Categories of Types 
;#Air vs. Oxygen blown 

, , ' - I  Sagging vs. Non-slagging 
' "- Gas-Solids  Contacting 

Fixed bed 
Moving bed 

Entrained 
Fluidized bed (circulating or not) 

L 

Texaco 
Flow 

L 

Tampa Electric 
IGCC Project 



E-Gas Two-Stage 1 Entrained Flow Gasifier 
I (formerly known as Destec) 

Wabash River 
Coal Gasification 
Repowering Project 

t 

RW Fluidized Bed 
Gasifier 

Recycle 
Fines\ 
inlet 

Piion Pine 
Power Project 

Recycle 
Gas , 

Recycle 
Gas 

Recycle 
Gas 

-out, 
Ash 
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Coal Petroleum Petcoke Gas Biomass or 
Solid Waste 
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Gasification 
Commercial 
Experience 
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IGCC Clean Coal Technology 
Demonstration Projects 

~ ~ ~ ~ ~ ~ ~ - ~ ~ a ~ - ~ ~ ~ ~ ~  HGCC @&?a& ea& 

Wabash River Coal Gasification  Power Plant 
- Power  magazine's  Powerplant of Year Award - 1996 
- World's largest single-train IGCC power  plant 
- Demonstrated retrofitting of existing  steam-cycle 

- Achieved 103% of rated  capacity  and 

Tampa  Electric Company's IGCC Project 
- Power  magazine's  Powerplant of Year Award - 1997 
- Operated  successfully with both coal and 

- Provides low-cost power  to  the  host  system  and is 

power plant 

95% availability 

petroleum coke feedstocks 

first-dispatch power  generator for TECO 

L ",,, -* ,. _..< " ~"4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ * ~ : ~ ~  **$a&w 



Tampa Performance  and  Accomplishments 

Over 18,000 hours  of  operations (through 2000) 
0 Net power - 250 MWe 
0 Carbon burnout > 95% 
0 Plant overall equivalent availability - 8841% 
0 Gasifier on-stream  factor for year 2000 = 80.1% 
0 Gasifier on-stream  through summer peak in 

0 Coal usage - 2,200 tonslday 
0 Want capable of burning petcoke 

year 2000 = 91.3% 

Total Cost - $303 million (49% from DOE) 

" ,  
1996 1997 1998 1999 2000 
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Retrofitting 



Retrofitting PC 

o Fuel preparation 
e Replacement of boiler with  gasifier 
o Replacement of FGD  with  gas  cleanup 

Additions of turbine/HRSG 
e Slag handling may replace  ash  handling 

I Generator 

Turbine 
Steam 



0 Change  burners 
0 Replacement  of  1st  stage  nozzles 
0 Modify control  strategy 
0 Replace  piping 

Cost: ~$3-$5 million 

Retrofitting Benefits 

- PC 
0 Lower  emissions 
0 Usable  by  products 
0 Lower  cost (capital and  COE) 
0 Higher  efficiency 
0 Capacity  additions 

NGCC 
0 Lower  fuel  cost 
0 Resource  stability 

L 



Environmental 
Performance 

L 
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Emissions 
(Iblmillion  Btu) 

Pre-Repowerinq IGCC 

NOx 0.8 0.1 5 
co 0.05 0.05 
PNI-10 0.07 ND 
voc 0.003 0.003 

so* 3.1 0.1 0 

L . .  



Comparison of IGCC with PC-Plant 

i 1 SO,, 1b/lO6Btu,  (IbiMWh) 1 0.05,  (0.5) j 0.017, (0.13) 
. ..  .. "" 3 . . . .. _. -1. ~ 

j NOx, Ib/106Btu,  (IbiMWh) I 0.15,(1.3) I 
t I 

0.05,  (0.36) 
. .  . - .. "" . i - .. . . . . . . ,. i 

i PM,,, Ib/106Btu,  (Ib/MWh) I 0.01, ( 0.08) I 0.002,  (0.015) 
i 

i~... ~. ~ . .  ." . 

"" 

1 

+- "- "_. i 

I 

! CO,, IbiMWh 1 1,817  1,690 
. .. .& ___ .. ~ "j"""" 

1 

i i 

1 380 

L a , ,  Usage, gallons/MWh 1,700 
! 

1 Solids Generation, IbiMWh 

j 750- 1,100 -I 
' : . - -  . . . . . - .. . " "" "" . . . . . . . . . -. -. ."  ." ". " "" . .. - - 

i 
1 180 

L""" 
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IGCC Criteria Air Pollutant Emissions 

Sulfur Dioxide 
Ib/106Btu 

Nitrogen Oxides 
Ib/106Btu, 
(IblMWh) 

Carbon 
Monoxide 
(Ib/MWh) 

Particulates 
(106Btu) 
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<0.15 

0.27,  (2.5) 

<0.015 



Overview of Regulatory  Issues  Facing 
Coal-Based  IGCC 

Emission  standards  for IGCC versus  coal-fired  steam 

Siting  and  permitting  of  gasification  units  versus  other 
generation plants (e.g., NOx and mercury) 

fossil-fired  plants (Does gasification have to compete with 
gas-fired combustion turbines?) 
SCR as SACT for IGCC 
Solid waste disposal  and  byproduct  utilization  regulation in 

Cooling  water  intake  requirements - - CWA 931 6(b) 
states 

L 

Potential  Environmental  Impacts of 
Applying SCR to IGCC 

Unreacted  ammonia  replaces some NOx as an equally 

Reaction of excess  ammonia with  residual sulfur from iGCC 
harmfuf pollutant 

syngas can generate PM,, in stack gas  from HRSG 

potential  problems  due to toxic  constituents 

represents an  occupational safety issue 

an output  basis (e.g., IblMWh) 

NOx pollutants. 

Disposal of salt  deposits  and  spent  catalyst  represent 

Handling  and  storage of large  quantities of ammonia 

Reduced plant  efficiency increases all  emissions by 0.5% on 

Ammonia production  yields  additional release of CO, and 



Potential Operational  Impacts of 
Applying SCR to iGCC 

Decreasing  gas  turbine  output  by  one-half 
percent  [pressure loss across  the SCR 
catalyst  bed  (and  other  related control 
equipment)  increases  turbine  back  pressure] 

I Formation of ammonium  bisulfate, a very I 
corrosive'and sticky material,  can plug 
downstream heat transfer  equipment  and 

I reduce  performance  and  available  operating I 
hours 

. , _\  , , .  

Potential Economic impacts of 
Applying SCR to IGCC 

Assumptions: 

0 535 MW coal-fired IGCC plant 
0 The SCR system is assumed to include a zinc 

oxide sulfur polishing reactor 
0 Ammonia storage  and  injection  components 
0 Installation of the SCR catalyst  bed in the HRSG 
0 NOx emissions are  reduced  from I 5  ppm to 3 ppm 
0 Annual  emissions  reductions by 395 tons per  year 



Capital cost differential is approximately $30 million or 
$551kW 
Annualized  differential cost is estimated  at I .5 to 2 
millslkWh 
Total  annualized cost  of  the IGCC plant  increases by 4 to 5 
percent 
Cost-effectiveness  ranges between $9,000 to $10,000 per ton 
of NO, removed. 
Cost-effectiveness  compares very unfavorably with a cost of 
$800 to $3,500 per ton  that SCR costs  for a coal-fired  power 
plant 

result in an increase in the  cost of electricity of about I .5 to 
2 mills/kWh or about 4 to 5 percent 

Addition  of an SCR unit  to  current IGCC technology  could 

L __; ;_, . . . . . . ._"~ ".. I . ~ i , % + ? ~ ~ ~ " ~ -  . 

IGCC Advantage -Treat Syngas Rather than  Flue Gas 
Eastman's Activated, Sulfur-impregnated  Carbon  Beds 
Proven to Yield 90 to 95% Hg Removal from Syngas 
- 20 second  contact time (based on  total  packed volume) 
- >I 2-1 8 Month Lifetime of Carbon Beds 

UOP's Molecular SievelRegenerable Adsorbent (HgSivTM) 
Achieved 0.01 ug Hg/Nrn3 with Natural Gas 
- Excess of 3 years  adsorbent life 
- Passes EPA TCLP test, disposal of spent molecular sieve is 

not a problem 

L ' ., 



Where Does the Mercury Go? 

Coniectured 
0 Accumulates in the amine scrubbing  loop 

Removed from the amine solvent when 
stripped of H,S and  partitioned to the 
sulfurlsulfuric  acid recovery unit - discharged 
with  the  byproduct 
Returned to  the Gasifier with excess scrubber 
water that is recycled for coallwater slurry 
preparation 
Recycled to the Gasifier with char  and  Flyash 
(Wabash) 

0 Discharged with treated water, water treatment 
material (e.g., Activated carbon), or water 
scrubber bottoms 

L , ~ , .  , - i  ~ , , , ~ . ~ ~ - . * ~ ~ ~ ~ : ~ ~ . . , ~ ~ ~ . ~ ~ "  



............. - ". . "" ....... ." ___ 

. . . . . . . . . . .  -_ .... 
Plant Net  Capacity. MWe 250 i 262 160 1 
Avewe Load During Tests. MWe 250 117.7 

........... ... ". __. ...... "" i L" 
"" I 

IW c i 
....................... " .... "~. .... ...... ".~ "" "" . ~ 

Average Unit Heat Input. 106 Btuhr i 2,326.7  2.472.7 2,705.8 I i 

.. ........... .... . j"  ............ C" - I. .............. 

Comparison of Mercury  Emission Rates and 
Emission Factors Between IGCC Plant and 

Pulverized Coal-Fired  Power Plants 
1 1 ...................... 

250 140 
1608320 1 445 

j 115 

j 435 I ml I 
j i ...... ......... " .... .,. " ........ . l ~  .............. i "" < ! Average Unit Heat Input. 106 i Btulhr i 2.326.7 : 1,1872 ; 4,982 j 4,045 i 1.019.2 1 



Cost of Mercury Removal in IGCC Plants 

Design Basis 
- Polk  Power  reference  plant  basis 
- 250 MWe plant  size 
- 90% removal of Hg in fixed  carbon  bed (to Gppbw) 

Equipment and Capital Cost 
- Fixed carbon bed vessel  between  gas  cleaning  and  combustion 

- Vessel: 10.3 ft. ID by 19.2 ft. bed height 
- Total Capital Cost: $462,000 (or $1 :85/kW) 

turbine 

0 Annual Operating and  Maintenance Costs 
- Based on $0.50/lb carbon  with initial charge  of 29 tons  and 4 

- Over 50% O&M is for carbon  and  power;  rest  for  labor  and 
year  replacement  cycle for carbon 

materials;  $83,00O/year 
Overall Cost: $0.087 f MWh 
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Gasifier  Slag  Characterization 

RCRA tests for hazardous solid waste  material  at Cool Water  were 

TCLP & UTS tests indicate Wabash slag is non-leachable  and  non- 

Almost all non-volatile  trace metals partition to the slag 
0 Metals  concentrated in LGTl slag include:  antimony,  barium, 

beryllium,  chromium,  cobalt,  copper,  manganese,  molybdenum, 
nickel,  vanadium, all major  elements  (except  sulfur) 
Small portion of semi-volatile  metals partition to the  slag 
(cadmium,  arsenic,  lead,  selenium) 
Mercury  does not partition to the  slag 

negative 

hazardous 



Wt. % PC Ash 

SiO, 40.5-53.6 
13.8-22.7 
10.3-14.3 

CaO 1.4-22.4 

MgO 5.2-5.6 
Na,O 0.7-1.7 

KZO 0.1-1.1 

PC Slaq Gasification Slag 
45.9-70.0  42.48 
15.9-28.3  28.97 
2.0-14.3  21.21 
0.4-1  5.3  4.61 
1.9-5.2  1.11 
0.6-1 .O 0.47 
0.1-0.3  1.82 

Solid Waste Comparison - IGCC  versus PC-Fired 
Plant with Byproduct Gypsum FGD 

(500 MWe,  Bituminous  Coal) 

I Ash {dry), tonslday I 950 I 855 I 
Carbon in Ash (dry), tonslday 

0 40 lnerts from Limestone, tonslday 

0 17 Lime (CaO, dry), tonslday 

0 267 Water In Solids, tonslday 

0 989 Gypsum (CaSOJ. tonslday 

212 0 Elemental Sulfur, tonslday 

31 34 

I L . .  . I  * 



1 100-1 200 500-560 

3.4 - 3.7 4.0 - 6.8 

$1.26/106Btu) $3.50-7.50/106Btu) 
(coal price = (natural gas price = 

New Coal Marginally  Competitive  with  Gas 
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Petroleum Coke 

e,".',; .. ".I 

Petcoke vs Coal 

wt.% 
carbon 

hydrogen 
nitrogen 
sulfur 
oxygen 
chlorine 
V&Ni  
ash 
moisture 

Illinois #6 Petcoke 

59.76  82.55 
4.28  2.98 
1.11 0.84 
2.21  6.51 
7.07 0 
0.1 1 47 PPm 
0 1767 ppm 
10.86 0.1 3 
14.5  6.99 

HHV (btu/lb) 10900  1381 0 

. , . . .. .,,crmF 



Project Start MWEq Gasifier 
''ant Name Status Year 

Feed Product 
Number Technology Class Category 

I I 

I Arthur GCC Planning 2005 1,108.6 3 (Destec,Dow) E-GAS Petcoke Power Project I 
I Lake Planning 2005 768.2 2 

Project Texaco Petcoke Power I 
I Deer Park GCC Plant Planning 2006 700.0 2 Texaco Petcoke Power I 
I Polk County 

Gasification Plant Planning 2005 746.5 2 Texaco Petcoke Power I 
Delaware Clean 
Energy Cogeneration Active- 2001 283.7 2 Texaco Petcoke Power 
Project Real 

0 More than 95,000 ffd  from 35 major  refineries 
(>IO00  ffd) in 2000  (98% US. coke  production) 
-these  refineries  require  more  than 3.3 GW electricity 

0 Petcoke  production to increase  to  more  than 

116,000  ffd  by  2010  (from 40 refineries) 
-estimated  electricity  requirements in 2010: 4.2 GW 



~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ :  

Corn n of "Waste"  and Coal Fuel 
Properties (As Received) 

Composition (% by Weight) 
Gross Heat 

C H 0 N S CI Ash Moisture Content 

f 

Refuse-Derived  Fuel 33.0 5.0 25.0 0.5 0.2 0.3 12.0  24.0 5.900 

I rz:ming Subbituminous 47.9  3.4 10.8 0.6 0.5 0.03 6.4  30.4  8,020 I 
' I  

Biomass 39.8  4.7  33.4  0.3 0.06 - 1.8 19.8 

Sewage  Sludge 5.5 0.6 2.3 0.6 0.23 - 7.4  83.4  973 I 

Gasification vs Incineration 

L 



Key  Environmental  Differences  Between 
Gasification  and  Incineration 

Gasification Incineration 

Maximize conversion of Maximize conversion of 
feedstock  to CO and H, feedstock  to CO, and H,O 

c Limited quantities  of Large  quantities  of excess 
oxygen air 

c Reducing environment Highly  oxidizing 
Production of valuable environment 
byproducts Flue gas, bottom ash, fly 

ash,  waste water 

0 Incineration  and  gasification  are  vastly  different 
processes;  Incineration  produces  very  neutral 
waste  products,  Gasification  produces  highly 
valuable by products. 

0 Reduced  SOX,  NOx,  particulate  matter. 
0 Limited  formation of complex  organics. 
0 Mass  balance  closures  for  volatile  Trace  Elements 

0 Methods  validation  may  be  needed  for  syngas 
are  consistently  low. 

matrix. 
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I Non-Volatile Elements 
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CO, Control 
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Uncontrolled CO, Emissions - Comparison of 
Fossil-Fired  Power  Generation  Technologies 

Conventional  Pulverized Coal-Fired with FGD 9,800 

Integrated Gasification  Combined Cycle (IGCC) 8,700 1.74 

I Natural Gas  Combustion  Turbine I 113000 I I 
I Advanced  Gasification-Fuel Cell I 6*ooo I I I Natural Gas  Combined  Cycle (NGCC) 1 7T500 I Om I 

L 
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I NGCC IGCC PC I 

1 I 

I IGCC Minimizes Energy  Penalty of CO, Capture 

Parasitic  Power Loss  for C02 Capture 
I 

U 
E 
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CO, Capture Strategies 

o Natural  Gas and Pulverized Coal Technologies 
-All CO, capture  after  the  combustion  process 
- Low  pressure, diluted with N,, so large  volume  gas-liquid 

-Absorption in liquids (MEA)  or  solid  sorbent  process 
contacting  required 

Conventional Coal Gasification 

capture CO, prior to combustion 

high  pressure, low volume concentrated'stream 

-Process includes  water-gas  shifting  and  2-stage  Selexol to 

- Capture  before  gas turbine combustor, so removal i s  from 

- H,-rich fuel  gas  after CO, removal  burned  in  gas  turbine 

0 Advanced  Coal  Gasification  (Decarbonized  Plant) 
- Shifted  synthesis gas with  ceramic  membrane  separation of 

L 
concentrated CO, and H, streains 

, ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ " ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ * ~ ~ ~ =  

Hydrogen Production 



Hydrogen Production Strategies 

0 Natural Gas and Conventional Coal 
Gasification Production Processes 
-Shifted synthesis  gas 
-CO, removal  with  amine  process  for  natural  gas 

- For  coal  gasification, I-stage Selexol  for  sulfur 
based  process  (optional if CO, separation  desired) 

removal  and  2-stage  for  sulfur  and CO, removal 
prior  to PSA 

- PSA separation of H, product 

-Shifted synthesis  gas  with  advanced  ceramic 
0 Advanced Membrane Decarbonization Plants 

membrane  to  concentrate CO, and H, products 
L . ,.." -~"~~~~",... ". , ._ . ~ J e s j T . ~ . . ~ ~ ~ ~ ~ ~ - * ~ ~ ~ ~ ~ , ~ : ~ ~ ~ . ~ " ' ~ ~  .w "~* 

Steam 
I Product 

COZ 

Candle 
Pittsburgh #8 Filter t 
< ltyh A* Entrained  Bed H2S . coz + Gasifier Removal  +Removal * 

PSA 

Coal Oxygen  Blown 318TPD + Hydrogen 
310 p i a  

water 

Air ASU 



Membrane-Based H, from  Gasification 

'itts 
:oal 

A 
% 431 TPD 

Comparison  of  Hydrogen  Cost  From 
Conventional  and  Advanced  Plant  Designs 

Natural Gas Conventional coat 

Amount of ..,. 2.609 tDd . . , I  6.233 tDd 6,362 tDd 
I CO. Recovered 194%i I NIH 

$130.996  $142.370  $321,824  $374,906  $359,791 I 

. .  



Co-production 

The Co-production  Option 

I Coal -I 

L 

High  Value  Chemical 
or Liquid  Fuel 

Sulfur 8 
SlagIAsh 

By-products Combined 
Cycle 
Power 
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Schematic of Co-production Options - Coco 

71 34 Bbfld 
"-4 Liquid 
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Conclusions 

0 Gasification-based processes expected to be 
technology-of-choice for future energy  plants 

-Cost competitive 
-Superior environmental  performance 
-Market adaptability 

L ,., I I 


